Adult-onset Still disease (AOSD) is a systemic inflammatory disease characterized by fever, arthritis and rash. Corticosteroids represent a promising therapeutic option for AOSD; however, some resistant cases require immunosuppressants and biologic agents. We herein report the case of a 29-year-old Japanese man with severe AOSD, accompanied by constrictive pericarditis (CP) and pleuritis. Although 2 courses of steroid pulse and subsequent high-dose of prednisolone and cyclosporine A improved the patient's CP and pleuritis, his fever and inflammatory responses persisted. Tocilizumab (TCZ) was added to his treatment, which resulted in a rapid remission. This case suggests the usefulness of TCZ in the treatment of severe AOSD with CP and pleuritis.
Introduction
Adult-onset Still disease (AOSD) is a systemic inflammatory disease characterized by spiking fever, arthritis, typical salmon-colored rash, and hepatosplenomegaly. It is sometimes accompanied by life-threatening complications, such as serositis, myocarditis, reactive hemophagocytic syndrome (RHS), and disseminated intravascular coagulopathy (DIC) (1, 2) . A diagnosis of AOSD is usually based on Yamaguchi's criteria (3) . However, there are no specific laboratory or imaging findings to aid in an accurate diagnosis of AOSD. It is therefore necessary to exclude other diseases, including infections, malignancies, and other rheumatic diseases (3) .
Although the pathogenesis of AOSD remains unclear, several factors have been reported to be involved in the etiology of AOSD; these include genetic factors, viral and bacterial infections, and immune system disorders (1, 2, 4, 5) . Several cytokines, such as interleukins [interleukin (IL)-1, IL-6, and IL-18], tumor necrosis factor (TNF)α, and interferon (IFN)γ play important roles in the pathogenesis of AOSD (1, 2, 6, 7) . Thus, treatments with biological agents that target these cytokines have become attractive therapeutic options in recent years.
Corticosteroids are generally considered as the first-line treatment for AOSD. It is reported that corticosteroids are effective in approximately 60% of systemic AOSD cases (8) . In cases in which the disease follows a steroid-resistant or steroid-dependent course, disease-modifying antirheumatic drugs (DMARDs) or immunosuppressive agents, such as methotrexate (MTX) or cyclosporine A (CyA), are therapeutic options (8-10). As mentioned above, biological agents that target specific cytokine activity are promising new therapeutics for AOSD. They have been reported to have a dramatic effect and can be used to treat patients with resis-Intern Med 57: 1033-1038, 2018 DOI: 10.2169/internalmedicine.9809-17 . Chest X-rays showed an enlarged cardiac silhouette and marked bilateral pleural effusion (A), and cardiac ultrasonography showed mild pericardial effusion (indicated by arrows) (D). (B) and (E) (after the first steroid pulse and before the addition of cyclosporine A). A chest X-ray showed the further enlargement of the cardiac silhouette and a decrease of bilateral pleural effusion in comparison to the chest X-ray that was obtained on admission (B). Cardiac ultrasonography showed an increase in pericardial effusion and mild thickening, and the epicardium showed high intensity (indicated by arrows), corresponding to constrictive pericarditis (CP) (E). (C) and (F) After the second injection of tocilizumab (TCZ). Chest X-rays (C) and cardiac ultrasonography (F) showed the improvement of the pleural and pericardial effusion (indicated by arrows).
tant AOSD who do not respond to conventional therapies with corticosteroids, DMARDs, and immunosuppressants (8, 10, 11) . The treatment guidelines and recommendations for AOSD have not yet been established; thus, treatment strategies, such as the initial dose of corticosteroids, combination with DMARDs or immunosuppressants, and additional biologics, are decided by the clinician according to the disease course and severity in a case-by-case manner.
We herein report a case of severe and intractable AOSD, accompanied by constrictive pericarditis (CP) and pleuritis, for which a combination therapy that included tocilizumab (TCZ) (a humanized anti-IL-6 receptor antibody), corticosteroids and CyA, proved very effective in the management of the patient's disease.
Case Report
A 29-year-old Japanese man was transferred to our hospital with pleuritis and pericarditis. He had a 1-month history of fever and sore throat followed by the development of serositis prior to admission. Upon admission, he had a spiking fever of 40°C, chest pain, and dyspnea. Chest X-ray, computed tomography (CT), and cardiac ultrasonography revealed bilateral pleural and pericardial effusion (Fig. 1A, D) . He was initially treated with several broad-spectrum antibiotics, without effect. On the fourth day after admission, he developed arthritis of the wrists and erythema in the trunk and upper extremities ( Fig. 2A, B) . Laboratory tests showed an elevated white blood cell (WBC) count (28,500/uL) with 91% neutrophils, C-reactive protein (CRP) (42.7 mg/dL), liver aminotransferases (AST 55 U/L; ALT 47 U/L), and ferritin (45,180 ng/mL). The patient was negative for antinuclear antibody (ANA), anti-DNA antibody, myeloperoxidase (MPO)-anti-neutrophil cytoplasmic antibody (ANCA), proteinase 3 (PR3)-ANCA, and rheumatoid factor (RF). The patient was negative for β-D glucan, a tuberculosis-specific interferon-gamma release assay (IGRA) was negative, and blood cultures for bacteria were all negative. Serum antiviral antibodies for Epstein-Barr virus (EBV), varicella-zoster virus, herpes simplex virus (HSV), and human parvovirus B19 were all either negative or showed a past infection pattern. A cytomegalovirus antigenemia assay was also negative. The analysis of the patient's pleural effusion showed exudative properties without malignant cells, and pleural effusion cul- tures for bacteria and mycobacteria were all negative. A random skin biopsy, which was performed to rule out the presence of malignant lymphoma, revealed mild and benign lymphocytic infiltration around the vessels in the dermal layer (Fig. 2C, D) .
He was diagnosed with severe AOSD accompanied by pleuritis and pericarditis, according to Yamaguchi's criteria (3); namely, the patient exhibited fever, arthritis, rash, leukocytosis with neutrophilia, sore throat, liver dysfunction, and was negative for ANA and RF, without any evidence of infection, malignancy, or other connective tissue disease. Methylprednisolone (mPSL) pulse therapy (1,000 mg/day, intravenously) was administered for 3 days, and subsequently prednisolone [PSL; 60 mg/day (1 mg/kg/day), orally] was administered as induction therapy. Although his symptoms showed an initial trend towards improvement in response to this treatment, within a week the fever, rash, and chest pain worsened. Furthermore, a chest X-ray film showed the deterioration of cardiac enlargement (Fig. 1B) , and cardiac ultrasonography revealed an increase in pericardial effusion, mild thickening and high brightness of the epicardium, diastolic failure of the lateral wall of the left ventricle and dilatation of the inferior vena cava (IVC), which corresponded to constrictive pericarditis (CP) (Fig. 1E) . The administration of cyclosporine A (CyA; 100 mg/day, intravenously) was added to the treatment regimen; however, the patient's fever (38°C) and high CRP level (11.7 mg/dL) persisted, and his ferritin level increased further (35,330 ng/mL). Thus, a second mPSL pulse was administered for 3 days followed by the administration of PSL (60 mg/day, orally). The CyA dose was increased to 150 mg/day while monitoring the blood concentration (target trough concentration: 150 ng/mL). The CP and pleuritis gradually improved; nevertheless, the fever and high levels of CRP and ferritin persisted (Fig. 3) .
The patient's condition was therefore assessed as being corticosteroid-and CyA-resistant AOSD with a high activity level. Based on the high level of serum IL-6 (56.8 pg/mL) and the extremely elevated level of serum IL-18 (84,000 pg/ mL) -the normal ranges of which are <2.41 pg/mL and < 211 pg/mL, respectively (Fig. 3) -TCZ (400 mg, 8 mg/kg, intravenously, every 2 weeks) was added to his treatment, after gaining the patient's written informed consent and approval from the local ethics committee. We considered the need for a higher dosage of TCZ based on his high disease activity, and determined that the initial dosage of TCZ should be (8 mg/kg) every 2 weeks, in accordance with the regimen for Castleman's disease [not for rheumatoid arthritis (RA)].
His general condition and fever improved immediately af- ter the administration of TCZ. The levels of inflammation markers, including WBC and CRP, were decreased and completely normalized within several weeks, and the ferritin level was decreased. TCZ was administered 3 times every 2 weeks, and the PSL was gradually tapered without any recurrence of the patient's clinical symptoms, inflammatory responses, CP, or pleuritis (Fig. 1C, F) . He did develop mild oral candidiasis, which was treated with topical antifungal agents, but he did not experience any other adverse events.
After the administration of TCZ 3 times every 2 weeks, we intended to reduce the administration of TCZ to once every 4 weeks, as maintenance therapy, and to continue treating the patient as an outpatient. TCZ combined with corticosteroids and CyA led to continuous remission. Importantly, the patient's serum IL-6 level showed a slight increase from 56.8 pg/mL to 79.7 pg/mL, and his IL-18 level dramatically decreased from 84,000 pg/mL to 47,200 pg/mL after the 2 nd injection of TCZ (Fig. 3) .
Discussion
We encountered a case of severe and intractable AOSD accompanied with CP and pleuritis that was resistant to treatment with high-dose corticosteroid and CyA. Remission was ultimately induced by combination therapy with TCZ-a humanized anti-IL-6 receptor antibody. Through our experience of this case, we can make 3 clinically important observations.
Firstly, our patient presented with CP accompanied by marked pericardial effusion and thickening of the pericardium, which is a very rare complication of AOSD. According to previous reports, although pericarditis is observed in 20-40% of patients with AOSD (12, 13) , to the best of our knowledge, there has only been 1 previous case report on AOSD with CP (14) . Importantly, the report describes CP as being the patient's first clinical manifestation (14) . In our case, pericarditis and pleuritis preceded arthritis and rash, which are typical manifestations of AOSD. The pericarditis deteriorated after the first mPSL pulse treatment, but resulted in CP with a thickening of the epicardium and diastolic failure of the left ventricle. In both the previous report and our case, the patients showed pericardial manifestations at the early stage of the disease. CP is very rare in AOSD, but can sometimes be the initial manifestation of AOSD, and requires an early diagnosis and immediate therapeutic intervention due to its potentially life-threatening complications. Thus, it might be necessary to consider AOSD as one of the possible differential diagnoses of CP. Additionally, in a pre-vious report, the presence of pericarditis at the onset of AOSD was a predictive factor that was used to indicate biological treatment (15) . In another report, biological treatment was more often required in cases involving AOSD with pleuritis (16) . Taken together, the findings of these reports suggest that the presence of serositis in AOSD is associated with a disease course that is more resistant to conventional therapy with corticosteroids and immunosuppressive agents. Actually, in our case, the additional administration of TCZ was required for the management of the patient's continuous fever and inflammatory responses, while the serositis itself responded well to treatment with corticosteroids and CyA.
The second clinically important observation is that the addition of TCZ had a dramatic effect in our case of intractable AOSD. It is reported that a high level of IL-6 is responsible for some of the clinical features of AOSD, such as fever and the elevation of CRP and ferritin (1, 11, 17) , and that it is correlated with disease activity (6, 18) . IL-6 is considered to be a suitable target in the treatment of refractory AOSD. Actually, several case studies have reported that TCZ has beneficial effects and its high level of safety in the treatment of refractory or intractable AOSD (17, (19) (20) (21) . In these reports, TCZ rapidly improved the disease status and maintained remission in patients with refractory or intractable AOSD who were not responsive to corticosteroids and DMARDs. Furthermore, the effect of TCZ persisted for more than 6 months after its discontinuation. TCZ was also reported to have a marked corticosteroid-sparing effect and a good safety and tolerance profile. In our case, the patient's CP and pleuritis gradually improved after corticosteroid and CyA treatment, nevertheless, the fever and high levels of CRP and ferritin persisted with the high level of serum IL-6. The administration of TCZ led to the rapid improvement of the patient's fever and marked improvement of the inflammatory responses and achieved continuous remission without recurrence, even after the tapering of PSL. It is considered that conventional treatment with corticosteroids and CyA had a partial effect on the patient's serositis, but that the patient could not reach remission due to his extremely high disease activity. The administration of TCZ, which is a more specific treatment targeting IL-6, ultimately achieved remission.
The third observation in the present case is that we were able to examine the levels of proinflammatory cytokines IL-6 and IL-18 in serum samples taken before and after TCZ treatment. In previous studies, it was reported that the level of IL-6 was increased in the serum and skin rash specimens of AOSD patients, and that it was correlated with the disease activity (6, 18) . On the other hand, one report suggested that the serum IL-6 levels were increased in RA and Castleman's disease patients after the administration of TCZ, because the IL-6 receptor-mediated consumption of IL-6 was blocked by the competitive binding of TCZ to the IL-6 receptor (22) . These data suggest that the increased level of IL-6 after TCZ administration closely reflects the actual endogenous production of IL-6 and the true disease activity.
The IL-18 levels were also reported to be increased in the serum, skin rash specimens, synovial membrane, and liver of AOSD patients (6, 23, 24) . The serum level of IL-18 was well correlated with the AOSD disease activity and could therefore be useful for monitoring the response to treatment (6, 23, 24) . Indeed, our patient's IL-6 level also showed a mild increase from 56.8 pg/mL to 79.7 pg/mL, while his level of IL-18 showed a dramatic reduction from 84,000 pg/mL to 47,200 pg/mL after the 2nd TCZ treatment. The kinetics of these cytokines seem to reflect the reduction of the disease activity by TCZ treatment.
In conclusion, our findings support the efficacy of TCZ in the treatment of resistant AOSD accompanied by CP and pleuritis. TCZ is a promising therapeutic option for patients with severe and intractable AOSD.
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